A simple current-controlled sawtooth generator is presented. Both the amplitude and the frequency of the generated sawtooth can be current-controlled. The circuit uses off-the-shelf components. Experimental results are included.
INTRODUCTION
Sawtooth and pulse generators find numerous applications in many diverse fields, for example, in instrumentation, measurement and control. In most of the existing sawtooth generators, a grounded capacitor is charged at a pre-specified rate using a constant-current source, and then rapidly discharged through a transistor switch [1] [2] [3] [4] [5] . However, while electronic control of the frequency is available in some of the circuits, none of the available circuits can simultaneously provide electronic control of the frequency and the amplitude. The purpose of this article is therefore to present a simple sawtooth generator with electronic control of the frequency and the amplitude.
PROPOSED CIRCUIT
The proposed circuit is shown in Figure 1 . The operation of this circuit can be described as follows:
1. When the voltage at pin 3 is high, that is V CC the output current of the operational transconductance (OTA1) equals the input auxiliary bias current I b1 . This is attributed to the fact that when the differential input voltage of the OTA is greater than a few millivolts, then all the bias current will be pushed into the output of the OTA. In the meantime, a high voltage at pin 3 will switch off the switch S 1 . Thus, the capacitor C will charge at a constant rate equals I b1 =C.
2. The charging cycle will terminate when the voltage across the capacitor reaches V 5 , the value of the voltage at pin 5. The voltage at pin 3 will drop to zero, and the switch S 1 will close. The capacitor will discharge immediately through the very low resistance of the switch. 3. When the voltage across the capacitor drops below V 5 =2, the voltage at pin 3 will be high again, switch S 1 will open and another charging cycle will start. 4. During the charging cycle, the amplitude of the sawtooth will increase from V 5 =2 to V 5 . 5. Using a standard 555 timer, with three equal resistances each of value 5 kO, and assuming that 1=g m2 5 kO, the voltage at pin 5 can be approximated by V 5 ffi V CC =5g m2 , where g m2 ¼ I b2 =2V T is the transconductance of OTA2 in mA=V, and V T is the thermal voltage ffi 25 mV at room temperature. Thus the amplitude of the output sawtooth can be expressed as
6. Ignoring the discharging time, which is very small, especially for very low values of the switch on-resistance, the frequency of the output sawtooth can be approximated by
From Eqs. (1) and (2), it appears that while the frequency of the output sawtooth can be controlled by adjusting the auxiliary bias I b1 and I b2 , the amplitude can be controlled by adjusting the auxiliary bias current I b2 . Thus, a recommended strategy is to start by adjusting the amplitude using the current I b2 , then adjusting the frequency using the current I b1 .
EXPERIMENTAL RESULTS
The proposed circuit of Figure 1 was experimentally tested using the CA3080 OTA and the analog switch HI-201HS. This monolithic IC has very low parasitic capacitances and contains four single pole single through (SPST) analog switches with an on-resistance of just 30 O. Thus, by connecting the four SPST switches in parallel an on-resistance as low as 7.5 O can be achieved and high accuracies can be achieved. The sawtooth output is taken from the voltage across the capacitor via a buffer to isolate the load. By inverting the output at pin 3, a pulse with very narrow width, that is a sync, can be obtained. 
CONCLUSION
A simple current-controlled sawtooth generator has been presented. The circuit is built around the 555 timer and uses a grounded capacitor and two operational transconductance amplifiers to achieve current control of the amplitude and the frequency of the sawtooth waveform. It is worth mentioning here that since the sawtooth output is taken from the capacitor, then any load resistance connected across the capacitor would take its current from the charging current of the capacitor. This may result in distorting the sawtooth output voltage. Such distortion can be avoided by inserting a unity-gain buffer between the capacitor and the load.
